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(57) ABSTRACT

A method and apparatus for conserving power 1n a wireless
communication device. The method includes recerving at
least a portion of a PHY protocol data unit (PPDU) frame,
where the PPDU frame includes an aggregate MAC protocol
data unit (A-MPDU) field. The method also includes com-
paring a recerver address (RA) within the A-MPDU field to a
stored address of the wireless communication device and, 1
the received RA does not match the stored address, causing
power to be removed from one or more circuits of the wireless
communication device for a calculated period of time.
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METHOD AND APPARATUS FOR REDUCING
POWER CONSUMPTION IN A WIRELLESS
COMMUNICATION DEVICE

TECHNICAL FIELD

The present disclosure 1s directed, 1n general, to wireless
communication devices, and more specifically, to a method
and apparatus for reducing power consumption in a wireless
communication device.

BACKGROUND

A portable wireless communication device 1s often pow-
ered by a battery or other portable power supply. It 1s desirable
for the wireless communication device to operate for as long
a period of time as possible before exhausting the portable
power supply and requiring recharging or replacement of the
portable power supply.

A fixed wireless communication device may be powered
from the power grid, but a designer of such a device may still
seek to minimize power requirements of the device. Such
reductions may reduce operating costs of an owner of the
device or reduce the impact of the device on capacity of the
power grid.

SUMMARY

A method of reducing power consumption in a wireless
communication device includes receiving at least a portion of
a PHY protocol data unit (PPDU) frame, where the PPDU
frame 1includes an aggregate MAC protocol data unit
(A-MPDU) field. The method also includes comparing a
receiver address (RA) within the A-MPDU field to a stored
address of the wireless communication device. The method
turther icludes causing power to be removed from one or,
more circuits of the wireless communication device for a
calculated period of time, upon determining that the recerved
RA does not match the stored address of the wireless com-
munication device.

A wireless communication device includes a recetver and a
controller. The controller 1s coupled to the receiver and con-
figured to receive via the receiver at least a portion of a PHY
protocol data unmit (PPDU) frame, where the PPDU frame
includes an aggregate MAC protocol data unit (A-MPDU)
ficld. The controller 1s further configured to compare a
receiver address (RA) within the A-MPDU field to a stored
address of the wireless communication device. The controller
i1s st1ll further configured cause power to be removed from one
or more circuits of the wireless communication device for a
calculated period of time, upon determining that the recerved
RA does not match the stored address of the wireless com-
munication device.

A tangible computer-readable storage medium 1s encoded
with computer-executable istructions that, when executed,
cause a controller of a wireless communication device to
receive at least a portion of a PHY protocol data umit (PPDU)
frame, where the PPDU frame includes an aggregate MAC
protocol data unit (A-MPDU) field. The mstructions further
cause the controller to compare a receiver address (RA)
within the A-MPDU field to a stored address of the wireless
communication device. The mstructions still further cause the
controller to cause power to be removed from one or more
circuits of the wireless communication device for a calculated
period of time, upon determining that the received RA does
not match the stored address of the wireless communication
device.

10

15

20

25

30

35

40

45

50

55

60

65

2

Other technical features may be readily apparent to one
skilled 1n the art from the following figures, descriptions and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and 1ts advantages, reference 1s now made to the follow-
ing description taken in conjunction with the accompanying
drawings, 1n which like reference numerals represent like
parts:

FIG. 1 illustrates a PHY-layer protocol data unit according,
to the IEEE 802.11n specification reference;

FIG. 2 1llustrates a PHY-layer protocol data unit according,
to the IEEE 802.11ac specification reference;

FIG. 3 illustrates a wireless communication device accord-
ing to an embodiment of the present disclosure; and

FIG. 4 illustrates a process of recerving a PHY-layer pro-
tocol data unit according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 4, discussed below, and the various
embodiments used to describe the principles of the present
disclosure 1n this patent document are by way of illustration
only and should not be construed 1n any way to limait the scope
of the disclosure. Those skilled 1n the art will understand that
the principles of the present disclosure may be implemented
in any suitably arranged wireless communication device.

This disclosure describes a wireless communication device
configured to receive an A-MPDU PPDU frame up to a point
in time at which the wireless communication device can
recognize that the receiver address (RA) in an MPDU of the
PPDU frame does not match the address of the wireless
communication device. In response to such recognition, the
wireless communication device stops recerving signals and/
or removes power from circuits of the wireless communica-
tion device until the PPDU frame 1s completed. The wireless
communication device then resumes receiving signals and/or
reapplies power to one or more of the circuits of the wireless
communication device. One result of the disclosed steps 1s
that the wireless communication device according to the dis-
closure conserves power during the transmission of data not
intended for the wireless communication device.

The Institute for Electrical and Electronics Engineers
(IEEE) has developed a set of wireless communication stan-
dards referred to as “IEEE 802.11”. The 802.11 standards are
actually a family of standards. For example, the original ver-
sion of the standard IEEE 802.11 (commonly denoted as
“802.117) was followed by amendments that are indicated by
names that imclude *802.11a”, *“802.11b”, “802.11g”,
“802.11n” and “802.11ac”.

The 802.11n standard added elements to the previous stan-
dards that established a High Throughput (HT) mode for
communicating data at a higher data rate. The 802.11ac stan-

dard added further elements for even higher data rates using a
Very High Throughput (VHT) mode.

FIG. 1 1llustrates a PHY-layer protocol data unit (PPDU)
frame 100 according to the IEEE 802.11n standard. The
PPDU frame 100 includes legacy training fields (I._TFs) 102,
a legacy signature (L._SIG) field 104, a high throughput sig-
nature (HT_SIG) field 106, high throughput training fields
(HT_TFs) 108, and an aggregate MAC protocol data unit
(A-MPDU) field 110. The fields L'TFs 102 and L._SIG 104 are

so-called “legacy” fields established by the 802.11 standard,
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whilethe fields HT_SIG 106, HT_TFs 108 and A-MPDU 110
are part of the high throughput improvements established 1n
the 802.11n standard.

The duration of the PPDU frame 100 1s measured from the
beginning of the HT_SIG field 106 through the end of the
A-MPDU field 110. Under the 802.1 1n standard, the HT SIG
field 106 comprises information relating to a length and a rate
tor the PPDU 100 frame.

An A-MPDU field may include two or more A-MPDU
subiframes. The A-MPDU field 110 includes N A-MPDU
subirames, indicated 1n FIG. 1 as 120a, 12056 through 120z.
Each A-MPDU subirame 120 includes at least a reserved field
130, an MPDU length field 132, a cyclic redundancy check
(CRC) field 134, a delimiter signature field 136, and an
MPDU field 138. All A-MPDU subirames except the final
A-MPDU subirame 1207 may also include a pad field 140 to
cause each padded A-MPDU subirame to have a length that 1s
a multiple of 4 octets. The fields 130, 132, 134 and 136
comprise an MPDU delimaiter.

The MPDU field 138 includes a frame control field 150, a
duration/ID field 152, an address 1 field 154, an address 2
field 156, and address 3 field 158, a sequence control field
160, and address 4 field 162, a quality of service (QoS)
control field 164, a high throughput (HT) control field 166, a
frame body 168, and a frame check sequence (FCS) field 170.
The duration/ID fields 152 1n all MPDUs 1in an A-MPDU
carry the same value. In this way a station can update 1ts NAV
timer 11 at least one valid MPDU frame 1s received.

The address 1 field 154 contains the recerver address (RA)
that 1s, the address of the station to which the data in the
MPDU 1s being sent. All MPDUSs 1n an A-MPDU are sent to
a single station and, thus, all MPDUSs in the A_ MPDU contain
the same RA 1n the address 1 field 154. The receiving station
performs a NAV update operation when the PHY-RXEND-
andication primitive 1s recerved at the end of PPDU reception.

FI1G. 2 1llustrates a PPDU frame 200 according to the IEEE
802.11ac standard. The PPDU frame 200 includes legacy
training fields (I._TFs) 202, a legacy signature (L._SIG) field
204, a first very high throughput (VHT) signature field
(VHT_SIGA) 206, very high throughput training fields
(VHT TFS) 208, a second VHT si1gnature field (VHT_SIGB)
210, a service ﬁeld 212, an A-MPDU field 214, a PHY-layer
pad field 216, and a tail field 218. The fields VHT_SIGA 206,
VHT_TFs 208, VHT_SIGB 210, service 212; A-MPDU 214,
PHY pad 216, and tail 218 are part ol the very thh throughput
improvements established 1n the 802.11ac standard.

The duration of the PPDU frame 200 1s measured from the
beginning of the VHT_SIGA field 206 through the end of the
tail field 218. Under the 802.11ac standard, the L._SIG field
204 comprises mnformation relating to a length and a rate for
the PPDU 200 frame.

The 802.11ac standard establishes a format for simulta-
neous communication by a single access point (or base sta-
tion) to a plurality of receiving stations using techniques of
beam forming. Stations operating under the 802.11n and ear-
lier standards employed antennas that radiated and recerved
signals omnidirectionally or 1n a single spatially shaped beam
(a so-called “beam formed” beam). Under the 802.11ac stan-
dard, antenna arrays may be employed to spatially shape two
or more beams simultaneously. An 802.11ac access point or
base station may “aim’ a {irst beam 1n a first direction toward
a {irst receiving station, while simultaneously aiming a sec-
ond beam 1n a second direction toward a second receiving
station. Because the beams have a narrow angular dispersion,
the signal transmitted to the first station does not cause radio
frequency interference with the signal transmitted to the sec-
ond station. Beam forming may be used to communicate with
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two, three, four, or more stations simultaneously using a like
number of beams transmitted from one or more antenna
arrays.

The 802.11ac standard establishes a second form of PPDU
frame 220, also 1llustrated 1in FIG. 2. The PPDU {rame 220
includes a first portion 222 that comprises the fields L_TFs,
[L_SIG, and VHT_SIGA, as described with reference to the
PPDU frame 200. The first portion 222 is transmitted omni-
directionally by the antenna array of an access point. The
PPDU frame 220 also comprises a second portion 224, which
in turn comprises three subportions 224a, 2245 and 224c.
Each of the subportions 224a, 2245 and 224¢ 1s transmitted 1n
a different beam to a different receiving station. The subpor-
tions 224a, 2245 and 224¢ may be referred to as “per-user
streams.” Each subportion includes the fields VHT_TFs,
VHT_SIGB, service, PHY pad, and tail, as described with
reference to the PPDU frame 200. Each subportion also
includes an A-MPDU field that may be different than the
A-MPDU field described with reference to the PPDU frame
200, as described below. There 1s no per-user length 1ndica-
tion in the preamble of the PPDU frame 220.

The A-MPDU fields 1n the PPDU frame 220 may be as
described with reference to the PPDU {frame 200, as shown 1n
the subportion 224a. However, where the A-MPDUSs sent to
different recerving stations are of differing lengths, the
802.11ac specification framework establishes a technique of
padding shorter A-MPDUSs to equal the length of a longest
A-MPDU 1na group of A-MPDUSs to be sent in a single PPDU
frame.

In the PPDU frame 220, an A-MPDU field 225 in the
subportion 224a 1s the longest A-MPDU. An A-MPDU field
226 1n the subportion 2245 1s shorter than the A-MPDU field
225. The A-MPDU field 226 1s followed by a MAC pad field
228. Similarly, an A-MPDU field 230 1n the subportion 224c¢
1s shorter than the A-MPDU field 225. The A-MPDU field
230 1s followed by a MAC pad field 232. Lengths of the PHY
pad fields 1 each of subportions 224a, 2245 and 224¢ are
selected so that the PHY pad field end at substantially the
same time.

As described with reference to the A-MPDU field 110 of
FI1G. 1, the A MPDU field 230 includes N A-MPDU sub-
frames, indicated in FIG. 2 as 240a, 2405 through 2407. The
A-MPDU fields 225 and 226 similarly each include a plural-
ity of subirames. The subirames of the A-MPDU fields 225,
226 and 230 1n turn include fields (including an MPDU) as

described with reference to the subirame 120 of FIG. 1. The
MAC pad field 232 includes M null subframes, indicated 1n
FIG. 2 as 246a through 246m.

The null subiframes 246a through 246m may include an
end-of-frame (EOF) tlag. When the MAC layer of a receiving
station detects the EOF flag, 1t may conserve power by sig-
naling the PHY layer of the station to stop recerving until the
end of the PPDU frame 220. The PHY layer uses the duration
and rate information received inthe I._SIG field of the portion
222 of the PPDU frame 220 to calculate a period of time
remaining 1n the PPDU frame. The PHY layer waits this
calculated period of time before resuming the reception of
signal.

Each of the A-MPDU fields 225, 226 and 230 1s sent to a
different recerving address (RA); that 1s, there 1s at most one
A-MPDU to an RA 1n the second portion 224 of the PPDU
frame 220. As described with reference to the A-MPDU field
110 of FIG. 1, at least two rules from the 802.11n standard are
carried over to the A-MPDUs of the PPDU frame 220. All
MPDUs within an A-MPDU field are sent to a single station
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and, thus, all MPDUs 1n an A-MPDU field contain the same
RA. The duration/ID fields 1n all MPDUs 1 an A-MPDU
carry the same value.

As established 1n the 802.11ac standard a maximum allow-
able length of a VHT PPDU 1s 1,048,576 octets. As estab-
lished 1n the original 802.11ac specification framework, a
maximum allowable length of an MPDU 1s 11,434 octets.
Theretfore, an A-MPDU may include, at most, 91 MPDUSs of
maximal length. This 1s established by the calculation:

1,048,576/(11,454+4)=91,

where 4 represents a length of an A-MPDU delimater field. A
maximum duration for the A-MPDU 1 a VHT PPDU 1s
limited by a maximum number of symbols that may be ndi-
cated by the length information in the L_SIG field 204 of a
VHT PPDU frame, which 1s 13654 microsecond, or 5.46
milliseconds.

FIG. 3 illustrates a wireless communication device 300
according to an embodiment of the present disclosure. The
wireless communication device 300 may be an access point,
a base station, or a leaf node station. The wireless communi-
cation device may operate under either or both of the 802.11n
and 802.11ac standards. The wireless communication device
300 may be a fixed, mobile, or portable device.

The wireless communication device 300 1ncludes a core
section 302, which includes a controller 304 coupled to a
memory 318, a transmitter 306 and a recerver 308. It will be
understood that the core section 302 may include other cir-
cuitry not shown in FIG. 3. The transmitter 306 and the
receiver 308 may be separate circuits, as shown 1n FIG. 3, or
may be a single transceiver circuit. The controller 304 may be
any suitable processing device, such as a microprocessor,
microcontroller, programmable gate array (PGA), applica-
tion-specific integrated circuit (ASIC), or the like. The
memory 318 includes any suitable volatile and/or non-vola-
tile storage and retrieval device or devices. The memory 318
may include a combination of such memory types. The
memory 318 may store data and instructions adapted to be
used by the controller 304 to direct the circuits of the wireless
communication device 300 to operate according to the meth-
ods of this disclosure.

The transmitter 306 and the recetver 308 are coupled to an
antenna 310. The antenna 310 may be an ommidirectional or
directional antenna. The antenna 310 may be a single antenna
or a plurality of antennas, used for transmission and reception
together or separately. Where the wireless communication
device 300 1s a base station or access point operating under
the 802.11ac standard, the antenna 310 may be an antenna
array or other multipart antenna configurable to operate
omnidirectionally or with a plurality of formed beams for
transmission and/or reception.

The controller exchanges control signals with the transmut-
ter 306 and provides data for transmission by the transmaitter
306 via the antenna 310. The controller exchanges control
signals with the recerver 308 and receives data received by the
receiver 308 via the antenna 310.

The wireless communication device 300 further includes a
power supply 312 coupled to the circuits of the core section
302, atleastin part, via apower control circuit 314. The power
supply 312 may also supply power to other circuits of the core
section 302 and the wireless commumnication device 300 sepa-
rately from the power control circuit 314. The power supply
312 may be a battery or other power storage device or may be
an AC/DC converter or other device powered by an external
power source, such as the AC power grid. The power control
circuit 314 1s configured to apply or remove power to/from
some or all circuits of the core section 302. By removing
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6

power from some or all circuits of the core section 302, the
power control circuit may reduce an amount of power drawn
from the power supply 312, which may in turn reduce an
amount of power drawn by the power supply 312 from an
external power source or reduce a rate at which power stored
in the power supply 312 1s used.

Circuits that may have power removed to reduce power
consumption may include some or all of the recerver 308, the
controller 304, the memory 318, and the transmaitter 306. That
1s, to reduce power consumption of the core section 302,
circuits associated with recerving signals may be powered ofl,
along with other circuits.

The power control circuit 314 may be coupled to and
controlled by the controller 304, which 1s configured to cause
the power control circuit 314 to apply power to or remove
power from any circuit that receives power via the power
control circuit 314. The controller 304 1s further configured to
cause the power control circuit to remove power from the
controller 304 1itself.

The power control circuit 314 1s further configured to
receive control signals from other circuits, such as a timer
316. The power control circuit may be preset to apply power
to selected circuits of the core section 302 and/or other cir-
cuits of the wireless communication device 300, in response
to such signals from other circuits. The controller 304 1s
coupled to and exchanges control signals with the timer 316.
The controller 304 1s configured to preset the timer 316 to a
desired time period and to start the timer 316. The timer 1s
configured to send a control signal to either or both of the
controller 304 and the power control circuit 314 when the
preset time period expires.

While the power control circuit 314 and the timer 316 are
shown 1n FIG. 3 as individual circuits, 1t will be understood
that in other embodiments the power control circuit 314, the
timer 316, and the core section 302 may comprise a single
circuit.

FIG. 4 1llustrates a process 400 of recerving a PHY-layer
protocol data unit according to an embodiment of the present
disclosure. In general, a wireless communication device
according to the disclosure receives an A-MPDU PPDU
frame up to a point 1n time at which the wireless communi-
cation device can recognize that the receiver address (RA) 1n
an MPDU of the PPDU frame does not match the address of
the wireless communication device. In response to such rec-
ognition, the wireless communication device stops receiving
signals and/or removes power from circuits of the wireless
communication device until the PPDU frame 1s completed.
The wireless communication device then resumes receiving
signals and/or reapplies power to one or more of the circuits
of the wireless communication device. One result of the dis-
closed steps i1s that the wireless communication device
according to the disclosure conserves power during the trans-
mission of data not intended for the wireless communication
device.

For ease of explanation, the process 400 of FIG. 4 1s
described with respect to the wireless communication device
300 of FIG. 3 and the PPDU frames of FIGS. 1 and 2. The
process 400 may be used by any other suitable wireless com-
munication device.

While the wireless deice 300 i1s receiving a PPDU frame
such as PPDU frame 100 of FIG. 1 or PPDU frames 200 or
220 of FI1G. 2, 1n step 402 the wireless communication device
300 recerves information relating to a length (or duration) of
the PPDU frame and a rate at which the PPDU frame 1s being,
sent. Where the wireless communication device 300 1s recerv-
ing a PPDU frame according to the 802.11n standard, the
information relating to the length and the rate 1s received 1n
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the HT SIG field. Where the wireless communication device
300 1s recerving a PPDU frame according to the 802.11ac
specification framework, the information relating to the
length and the rate1s received in the L_SIG field. The wireless
communication device 300 also stores the received lengthand >
rate mnformation 1 memory 318 1n step 402.

In step 404, the wireless communication device 300
receives an A-MPDU subirame of the PPDU frame. In some

embodiments, the A-MPDU subirame recerved in step 404 1s
a first A-MPDU subirame of the PPDU frame. In other
embodiments, the A-MPDU subirame recerved in step 404 1s
a second or subsequent A-MPDU subiframe of the PPDU
frame. In step 406, the controller 304 compares a recerver
address (RA) within the recetved A-MPDU subirame with an

RX MAC or other stored representation of the recerver

address of the wireless communication device 300.
If the received RA and the RX MAC match, in step 408 the

process 400 proceeds to step 410. I the recerved RA and the
RX MAC do not match, 1n step 408 the process 400 proceeds 2
to step 414. In step 410, the wireless communication device
300 has determined that 1t 1s the mtended recipient of the
A-MPDU and continues recerving any remaimng A-MPDU
subirames. Once all A-MPDU subirames have been success-
tully recerved, in step 412, the complete recetved A-MPDU 1s 25
passed from the PHY layer to the MAC layer for further
processing.

In step 414, the wireless communication device has deter-
mined that 1t 1s not the mtended recipient of the A-MPDU.
Using the length and rate information recerved 1n step 402, as 30
well as information relating to an amount of time elapsed
since beginning to receive the PPDU, 1n step 414 the control-
ler 304 calculates an amount of time remaining 1n the PPDU
being received and sets the timer 316 for the calculated
amount of time. 35

The timer 316 may be passed the length and rate informa-
tion recerved in step 402 and the information relating to an
amount of time elapsed since beginning to receive the PPDU
and calculate a an amount of time remaining in the PPDU
being received. The timer 316 may then set itself to the 40
calculated amount of time. The timer 316 may be set for an
amount ol time that accommodates a power up sequence of
the circuits powered down by the timer control circuit 314,
such that the powered-down circuits are operational within a
desired period before or after the end of the PPDU. 45

In step 416, the controller 304 takes one or more actions to
reduce power consumption until the timer 316 expires and
signals the completion of the time period set in step 414. The
signal from the timer 316 may be a “time complete™ signal
sent to one or both of the controller 304 and the power control 50
circuit 314. The controller may signal the recerver 308 to stop
receiving signals. The controller may istruct the power con-
trol circuit 314 on actions to take upon the time complete
signal from the timer 316. The controller may instruct the
power control circuit 314 to remove power from someorall of 55
the circuits of the core section 302. If the controller 304 1s
receiving power and operating when the timer 316 sends the
“time complete” signal, the controller 304 may instruct the
power control circuit 314 to restore power to some or all of the
circuits of the core section 302. If the controller 304 1s not 60
operating when the timer 316 sends the “time complete”
signal, the power control circuit may restore power to some or
all of the circuits of the core section 302, as previously
instructed by the controller 304 or by internal instructions
stored within the power control circuit 314. 65

When the controller 304 recerves the “time complete™ sig-
nal from the timer 316 1t will execute a NAV update algorithm
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with the length and rate information recerved 1in the HT_SIG
field (802.11n) or L_SIG field (802.11ac).

While the disclosure includes a description in the context
of a fully functional system, those skilled in the art will
appreciate that at least portions of the mechanism of the
present disclosure are capable of being distributed 1n the form
ol instructions contained within a machine-usable, computer-
usable, or computer-readable medium in any of a variety of
forms, and that the present disclosure applies equally regard-
less of the particular type of instruction or signal bearing
medium or storage medium utilized to actually carry out the
distribution. Examples of machine usable/readable or com-
puter usable/readable mediums include: nonvolatile, hard-
coded type mediums such as read only memories (ROMs) or
crasable, electrically programmable read only memories
(EEPROMSs), as well as user-recordable type mediums such
as tloppy disks, hard disk drives, compact disk read only
memories (CD-ROMs), and digital versatile disks (DVDs).

It may be advantageous to set forth definitions of certain
words and phrases that have been used within this patent
document. The term “couple” and 1ts derivatives refer to any
direct or indirect communication between two or more com-
ponents, whether or not those components are 1n physical
contact with one another. The terms “include” and “com-
prise,” as well as dervatives thereof, mean inclusion without
limitation. The term “or” 1s inclusive, meaning and/or. The
phrases “associated with™ and “associated therewith,” as well
as denivatives thereol, may mean to include, be included
within, interconnect with, contain, be contained within, con-
nect to or with, couple to or with, be communicable with,
cooperate with, interleave, juxtapose, be proximate to, be
bound to or with, have, have a property of, or the like. The
term “controller” means any device, system, or part thereof
that controls at least one operation. A controller may be
implemented 1n hardware, firmware, software, or some com-
bination of at least two of the same. The functionality asso-
ciated with any particular controller may be centralized or
distributed, whether locally or remotely.

While this disclosure has described certain embodiments
and generally associated methods, alterations and permuta-
tions of these embodiments and methods will be apparent to
those skilled 1n the art. Accordingly, the above description of
example embodiments does not define or constrain this mven-
tion. Other changes, substitutions, and alterations are also
possible without departing from the spirit and scope of this
invention as defined by the following claims.

What 1s claimed 1s:

1. A method of reducing power consumption performed in
a wireless communication device, the method comprising:

receving, in a controller of the wireless communication

device, at least a portion of a physical (PHY) layer
protocol data unit (PPDU) frame, the PPDU frame com-
prising an aggregate media access control (MAC) pro-
tocol data unit (A-MPDU) field;

comparing, in the controller of the wireless communica-

tion device, a recerver address (RA) within the A-MPDU
field to a stored address of the wireless communication
device; and

upon determining that the received RA does not match the

stored address of the wireless communication device,

causing, with the controller, power to be removed from

one or more circuits of the wireless communication

device for a calculated period of time by

calculating an amount of time remaining until an end of
the PPDU frame according to information relating to
data length and data rate of the PPDU frame, wherein
the controller 1s configured to determine the informa-
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tion relating to data length and data rate from a legacy
signature field of the recerved portion of the PPDU
frame when the PPDU frame is 1n accordance with a
first standard, the legacy signature field comprising
information relating to a data length and a data rate for
the PPDU frame, and 1s configured to determine the
information relating to data length and data rate from
a high throughput signature field of the recerved por-
tion of the PPDU frame when the PPDU frame 1s 1n
accordance with a second standard, the high through-
put signature field comprising information relating to
a data length and a data rate for the PPDU {rame,
depending upon a structure of the PPDU frame,
wherein the data length 1s an amount of data carried by
the PPDU frame and the data rate 1s a number of bits
per second, and

calculating, by the controller, the calculated period of
time according to the amount of time remaining until
the end of the PPDU frame.

2. The method of claim 1, wherein the information relating
to data length and data rate 1s determined from the legacy
signature field when the PPDU frame is 1n accordance with an
IEEE 802.11ac standard and i1s determined from the high
throughput signature field when the PPDU frame 1s 1n accor-
dance with an IEEE 802.11n standard.

3. The method of claim 2, wherein the amount of time
remaining until the end of the PPDU frame 1s also calculated
based upon time elapsed since a start of the at least a portion
of the PPDU {rame.

4. The method of claim 1, wherein the controller signals
completion of the calculated period of time.

5. The method of claim 4, wherein causing power to be
removed from the one or more circuits of the wireless com-
munication device comprises stopping the receiwver from
receiving signals during the calculated period of time.

6. The method of claim 4, wherein causing power to be
removed from one or more circuits of the wireless commu-
nication device comprises causing a power control circuit to
remove power from the one or more circuits of the wireless
communication device during the calculated period of time.

7. The method of claim 6, further comprising restoring
power to some or all of the one or more circuits of the wireless
communication device in response to completion of the cal-
culated period of time.

8. A wireless communication device, comprising:

a recelver; and

a controller coupled to the receiver, wherein the controller

1s configured to:
receive at least a portion of a physical (PHY) layer
protocol data unit (PPDU) frame, the PPDU frame
comprising an aggregate media access control (MAC)
protocol data unit (A-MPDU) field;
compare a receiver address (RA) within the A-MPDU
field to a stored address of the wireless communica-
tion device:; and
upon determining that the received RA does not match
the stored address of the wireless communication
device, cause power to be removed from one or more
circuits of the wireless communication device for a
calculated period of time by
calculating an amount of time remaining until an end
of the PPDU frame according to information relat-
ing to data length and data rate of the PPDU frame,
wherein controller 1s configured to determine the
information relating to data length and data rate
from alegacy signature field of the recerved portion
of the PPDU frame when the PPDU frame 1s 1n
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accordance with a first standard, the legacy signa-
ture field comprising information relating to a data
length and a data rate for the PPDU frame, and 1s
configured to determine the information relating to
data length and data rate from a high throughput
signature field of the recerved portion of the PPDU
frame when the PPDU frame 1s 1n accordance with
a second standard, the high throughput signature
field comprising information relating to a data
length and a data rate for the PPDU frame, depend-
ing upon a structure of the PPDU frame, wherein
the data length 1s an amount of data carried by the
PPDU frame and the data rate 1s a number of bits
per second, and

calculating the calculated period of time according to
the amount of time remaining until the end of the
PPDU frame.

9. The wireless communication device of claim 8, wherein
the information relating to data length and data rate 1s deter-
mined from the legacy signature ficld when the PPDU frame
1s 1 accordance with an IEEE 802.11ac standard and 1is
determined from the high throughput signature field when the
PPDU frame1s in accordance with an IEEE 802.1 1n standard.

10. The wireless communication device of claim 8,
wherein the amount of time remaining until the end of the
PPDU frame 1s also calculated based upon time elapsed since
a start of the at least a portion of the PPDU frame.

11. The wireless communication device of claim 8,
wherein the controller 1s further configured to signal comple-
tion of the calculated period of time.

12. The wireless communication device of claim 11,
wherein the controller 1s further configured to stop the
receiver from receiving signals during the calculated period
of time.

13. The wireless communication device of claim 11,
wherein the controller 1s further configured to cause a power
control circuit to remove power from the one or more circuits
of the wireless communication device during the calculated
period of time.

14. The wireless communication device of claim 13,
wherein the controller 1s further configured to restore power
to some or all of the one or more circuits of the wireless
communication device in response to completion of the cal-
culated period of time.

15. A non-transitory tangible computer-readable storage
medium encoded with computer-executable instructions that,
when executed, cause a controller of a wireless communica-
tion device to:

recerve at least a portion of a physical (PHY ) layer protocol

data unit (PPDU) frame, the PPDU frame comprising an
aggregate media access control (MAC) protocol data
unit (A-MPDU) field;

compare a receiver address (RA) within the A-MPDU field

to a stored address of the wireless communication
device;

upon determining that the received RA does not match the

stored address of the wireless communication device,
cause power to be removed from one or more circuits of
the wireless communication device for a calculated
period of time by

calculating an amount of time remaining until an end of the

PPDU frame according to information relating to data
length and data rate of the PPDU frame, wherein the
information relating to data length and data rate 1s deter-
mined from a legacy signature field of the recerved por-
tion of the PPDU frame when the PPDU frame is 1n

accordance with a first standard, the legacy signature




US 9,014,744 B2

11

field comprising information relating to a data length
and a data rate for the PPDU frame, and the information
relating to data length and data rate 1s determined from a
high throughput signature field of the recerved portion of
the PPDU frame when the PPDU frame 1s in accordance
with a second standard, the high throughput signature
field comprising information relating to a data length
and a data rate for the PPDU frame, depending upon a
structure of the PPDU frame, wherein the data length 1s
an amount of data carried by the PPDU frame and the
data rate 1s a number of bits per second, and

calculating the calculated period of time according to the
amount of time remaining until the end of the PPDU
frame.

16. The computer-readable storage medium of claim 15,
wherein the information relating to data length and data rate
1s determined from the legacy signature field when the PPDU
frame 1s 1n accordance with an IEEE 802.11ac standard and 1s
determined from the high throughput signature field when the
PPDU frame 1s in accordance with an IEEE 802.1 1n standard.

17. The computer-readable storage medium of claim 16,
wherein the amount of time remaining until the end of the
PPDU frame 1s also calculated based upon time elapsed since
a start of the at least a portion of the PPDU frame.
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18. The non-transitory computer-readable storage medium
of claim 15, further encoded with computer-executable
instructions that, when executed, cause the controller to sig-
nal completion of the calculated period of time.

19. The non-transitory computer-readable storage medium
of claim 18, further encoded with computer-executable
instructions that, when executed, cause the controller to stop
the recerver from receirving signals during the calculated
period of time.

20. The non-transitory computer-readable storage medium
of claim 18, further encoded with computer-executable
istructions that, when executed, cause the controller to cause
a power control circuit to remove power from one or more
circuits of the wireless communication device during the
calculated period of time.

21. The non-transitory computer-readable storage medium
of claim 20, further encoded with computer-executable
instructions that, when executed, cause the controller to
restore power to some or all of the one or more circuits of the
wireless communication device 1n response to completion of
the calculated period of time.
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